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G atf^&^J: "9 jgfi'*i&^& < <h & lo^Tct^fflv^^t^tHo VI b 
J£7C3RK»±, S e t5£ZfSfrbMlX1n&4?%: < t & 1 o<D7cSt£ffi^& C £ 75*-e 
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ti, :wi2^f#lli, tztx.l£, 1 3 fc{±&J£Jt**#t&* I -II 

I-Vimit&Wj^&fc-CfZJ&X'&Zo I b^7C5?f tlllb^TClf tVIb 

J£x^&J&Jt#t5f3ri : 3 : 5-eab*&R&x*-*->r MHaS^frii nfm^* 
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fc(Dn2<T)¥-mi*mt pm-e&&¥-mfom 1 3 i^fflv^^t^^oT^^p n 

Ib^7cll<7>^ ? lt&£ I -III-VIM»I#«LTU^„ tztx.il 

. fin i t£*> ^mt-m ncib mjtm tuib m.jtm t vi b ^tc^ t & h 

^Cul nSe 2 l»/:t^ H 2 O^-SflcJB <h LTVI b tkltm^^m 
4^CuInS2l^fflv^It^^ 0 .l^ffi^ CuInSe2^HCuI 

, St <o#ffl i: li* - ^ i: ^ il T) ^gJt^tL^o z<d*- 

[0 0 3 6] 

l>;i:^-e§l>o 7t£xJ£\ Zn x Mg y Al z 0, Zn x Mg y Ga z (X Z n x M 
g y I n z 0, Z n x Mg y B z Ot^o/c«^i$tL^ffl:ft^fflt^ii^ 
tl4 0 UWttWAXmmLtzX.0^. Z-fib<Dl&jfcg l \ l z.&\,*x* x, y£J:0<" 
z(±, 0<x<l, 0<y<l, 0<z<K 2 X+ 2 Y+ 3 Z = 2 Zffifzir ( 
mTW«^&^T&|^«tr&&) 0 (Zn, Cd) x Mg y Al z 0^ 

Zn x (Be, Mg) y Al z 0^Zn x Mg y (A 1 , Ga) z 0 t V>o tzWAWlV) 
IlbJIocSf, IlaJ^Tt^fei^lIIb^Tn^o^^^ 1 1 1 oiilim^ 

b^7C*«r K--7°L7t:@Mb^> /:ti(fZ n x Mg y A 1 z 0 : N^*fflv*& CI £ 

K-^o ^mfcrn 1 3 k i bmKmtuibm7tmtnbm7tm*izi$i : 1 

^Hfc^/i 1 4 £: LT, Z n 0 .87M go. loA 1 0.02Ox Zn 0 .77 

MgQ.13G a 0 .06O^i:-?:ffiv^it^fJ Lv> 0 
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5t±, it^14^^-r^^«ttott^-effMT^, IT 
0 ( I n203 : S n) , ZnOlB, ZnO : A 1, £tzl±Z n O I G a frhtz 

si»4:wis 0 tfc, -rtL^<7))ji^2o^_t^st^mei^^fflv> 

[0 0 3 9] 

J^ffiLW^l 6 Kli, tztx.iL NiCrliS^liCrl^ All^-i) 
v>fiA gflH£ t^:^JKil«rfflv^ £ & Q 

[0 0 4 0] 

[0 0 4 1 ] 

Si*, tztx.lL ^A^y^MiSCiot, l±i:*ilii 2£ 

Mt^o ^ot, tztx.iL If ^-tv>ft^i:iot*i#i l 3£Mc 

^'•y^SCiotMLtli ^c7)#^M^ % VIb^7C^^-g-tf^^ (tztx.i£ 
H 2 S e) Of ^ ^ t C i o t 1 3 £^jft-C§* 0 

[0 0 4 2] 

f^t, tit Jul mmMm3x-mmir^mm.um^xoxiiam7tmtiib 
M7tmtnibWi7tmt ttttmtm-frbitzWLVcmm 1 4*j&m-t2> 0 

, tztx.lL ^A°^St:J:oT, gfett&JB 1 4 <&±KjS9!*WR 1 5 £ffMi" 

£o titx.lL If^Wfelclot, UXOffiLmUl 6 *f 

o tit JUL *mfcm 1 3 JiKIIbSocStS fcfcmbj&TC^fc&fci-* £ 
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<DUfr*m2<D¥-mim^m\:m£, ¥-mfom 1 3 tmmm 1 4 ^11:12 

[0 0 4 3] 

*i&0^oic[5f m^i-e-ii, 11 a j^tcs 1 11 b i£7cit t in b mitm t z^ts- mt 

li\ mfbtJe 1 44'OIIIb t^ioT, ^<9<fffi 

«T-^^^^*$iJ^'e^-5)-^^^> 1 3 tmit^m 1 4 t^#M-eco 

[0 0 4 41 
[0 0 4 5] 

(iiii3) 

HW^3-e(i. ^W^i^J;^2-ei^L^lMl:%»fli (Btft&S) 

rtfi m CO - f 0 K o v > T 1^ -f £ o 
[0 0 4 6] 

Km<nmm*^tsmtmM£i*zm^&^ti)^$z> 0 mitmmmi, iia 
mjtm^mitmm tub mjtm^mtmm t in b mTtm^mitmmt z 

, MgOhZnOtA 1 2 C>3<h ^-^Ht"? 1 0 I 8 8 : 2-C^1"^o d<0^;u 

&<DMitmmm±mn*^'$-z>o zz-c, ^^(i^ticoz n x M gy A i z 
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•r^figtcji, @tft^/i^)2K$n^*wess$a^ 0 fit, @^t«is# 

<T>9-Yy h£7jt?%L&/^, /:tili'A r ^<D^tf K^m^X?*? %m 
Ar^>^-^-y H;«j5l U &fb^&T-rt s *IS83 U 3M£±K# 

[0 0 4 8] 
[0 0 4 91 

tl5o x. li\ HHb^8fc*S# ^^-Cab o Ti, A r & 

mt-r&zttfx^&o 

[0 0 5 01 

i^v ^'^Sl^tLT, #2fX (isi^f^^a t3tjpx.T7K*^> 
[0 0 5 1 ] 

SA-T&i:, aSto^JI (#~xit) SrM?*Sufci:j:oT, SKb«J$lt<?>$ 
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10 0 5 2] 

;;m II aB£x*fcIIbi^3££IIIb;8j7c3[l£: OSftflS 

8e7c*<a«Kfc*» t ii b mjtm^m^ t in b S57c3R<o»it»i±, ^-rn^co ? 

^ <b t;J; o T , Ila 5£7cfH £ II b t III b ^Tn^o&j&Jt £ mm £ 

-f2>z\tiz£<?xi> mm^m i & x u* 2 <Dmmmwk*Mmx % %> 0 c <Dt#^ 

fefcAidriIb«7C*i:IIIbi^7C3Rt«:^trai<fci»0^-ry hWZnO: 
A 1 2 0 3 -^Z nO : G a203^l±i&&tn;-C&&£*e>, SSL*'*-;' 

[0 0 5 3] 

mmfm3<7)mm.ijmz£titf^ m^mmmz^t. iiamjtmtubmTt 

[0 0 5 4] 

mmm] 

[0 0 5 5] 

(H»U 1 ) 

n»J 1 njt^ss 1 -c^L^i:ti«i*iii^ 3 ots-eni l 

[0 0 5 6] 
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aoi:#7XSKEtL/: 0 BMfc»fttt#l±, M g O Z n O <h. A 1 2O3O 
«^^^JtT-l 0:88: 2 Lfcffe, «^i^I^t^:b:J:o 

[0 0 5 7] 

0 ArtfX£02#X<OffL-HtlZtt-t&WMmWm (Z no.86Mgo.10 

[0 0 5 8] 

H 2 O*VAr*'X=0. 0 4) ilv>Jiti:J:oT, 02#*/A r ^XvJfu 
mit^O. 0 2&TO#r&tC, v- H£t/tri f & 1 0 n/n<r>&WfcZ n x Mg y A 
1 z 0li7& 5 l#^ti7t: o f^oT. R 2 0^^^y ^^CfAtSCtCioT, O 
2?;f IJrbO/AV^gH-ef&^Z n x M g y A 1 z 0H*^JS£"C tmtZk, 0 2 wtt 
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[0 0 5 9] 

_hffiX/N°y * ifX<D02°*fX t A r 2fX £<7)tf!Eiifc£ 0 . 0 0 1 
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ffcft»!ltf>y- hteVLtf® i o ci/nfrb i o k n/D£T*it2jni-&d taqsg 

^n/co Cl*U±, Wk\z h'-\£>7ZtitzV b^7n*-e*&a*3& f , IIIbJ^TC 
2f*<E>»|£*Jfc«fc <9 & ltfrffi^*Jfc^N2#***A-t-&£ tCioTy- hj£ 

[0 0 6 0] 

$II^tfi, SHb«^#:coiIIbJ^7C«^ LTA 1 ttm^tziiK G 
L-CMgtfflv^^, Be. Ca, Sr, B a £fflv^T & |BftSiOjft^^c>*L* 

mz^^&y*-vi)mmx^z>t\,^nm t $>z><> ztz, ^ntmxit, vb 

[0 0 6 1 ] 
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2 -ct±, 1111 1 o»ffc»»«|*ls«HB&! 3 OyjviT^ii Lfcguo- 

[0 0 6 2] 

Z nO«fcG a 2 0 3 « i: ^tgf I. i t C J: o Tf^S L f: c Z\<7)t 
MgOtZnOO^^it^litfl : 9KB5eLT\ G a 203^0^**^1: 
^WiJ2T(i. 0 2 #* t A r tfx<DffiMiki 0. 0 0 1K@5£U ^ 
ffiMl tmC&ft-eWMX'lv ^*ffv^ Zn x M gy Ga z 0 (x : y = 9 I 1 

IfcCDZ n x Mg y G a z 03i*f^L^o 
[0 0 6 3] 
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hhk, mitmm%fo^<7)G a 2 03<vmm (^Jt) jgm^isj: 

TOtlJm'PI^^'fb^^l-o G a 2 0 3 (7)^^Jt^3%J^TOiIHTii. 2»m^«iG 
a203<7)i^t)Ps^#o-Cl^jjpL7t:o ^Lt, -t^Jt^ 3 % i fcli 5 %"Cft 4> v> 
3tfK$*^Lfc 0 G a 2O 3<?>* Kit* 1 0 % £ -Ci#*P ^ <b jg^agm^iifgfF 
L/Co fct, tSfjLZn x Mg y Ga z 01^f#^t:ii, ^-mcfflv^n 
£ @l 1 kVj#t&fc iz ffi m-f Z> G a 2 0 3 <D ^ ;l, Jt Sr ft 3 - 5 % <h i" * - <h T^il ^ T* * 
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— ^, G a203<7)^E;l/J:b^l %<D9-¥-j Mcfcfc^ ^W2%0^-y7 

2 5 %Of&fflT-«\ G a20 3 cOT»»^^-^-r\ glM^tgtitfiar— 5e£ * 
o/:o */kfcb& s l 0%fc4Si-eG a 2 0 3 <7)Y^n*^JtSP$-^^ ^flJwiti^ 
IfcfcLfco •=e^Jt3& t 5%JJJLTO*&^U(±, Ga 2 03^K-A o >F^Ltftfflt^ 

2>tX~G a 2 0 3 <DmnM:Zig1mZ-£2>t^ Z n x Mg y G a z 0»^/O Kflljg 
[0 0 6 5] 

t fc, G a 2 0^^)VitX 2 5 %m_LaSJD L7^t«fS#W * h 
KZn x Mg y Ga z 0I^SU; o z>0. 5t^l.^ 

ft/tM£ XSUSUr S05e L fw t Z ?> . Z n O £ £ L fcflfci K&c? < fc? - * 
t> Z n G a 2 0 4 £**i: Lfcfl*itK£o*< EI iff e-^ fc^mflfflStifco ^J*) 

fflWZ n x Mg y G a z OH(iBj£T£fc3&»ofco 
[0 0 6 6] 

ttz, MgOJ&5Ko*;wjt7&*z no^*o^;vjti v^mitydm&faf-y 

•y K Mrfcmzii^ MgO: ZnO=6 : 4 (^e;i/Jt) <r>9-'fv \ ^SLt 
Z n x M gy G a z 01^gLt o - OKKov*T X«l®HnlB5e«:?To t £ ^ 
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ofc 0 ftot, »Zn x M gy Ga z 0IliM-e^^^f: o 
[0 0 6 7 J 

mmm 2 <o-nmx ^-yyn:^ utiieftwi^tt mot, s 

[0 0 6 8] 

Sfcjfcffil 2 "TNi, Z ntMgtG a -y 

PJtfcOZ n x Mg y G azOSIiflfi-eiSo 3oo*-<**-yh 
(±, «#-C*^^i6Sjl&^/^y r&Zm^Z&W&lb&o £tz. tztz.l£ y 
MgO*-y-y ^ZnO I G a 2 03^-Yy Y<D2jt?-¥~; Y $:ffiv»fcHH# 
^^■^ffiti, IM^Z n x Mg y G a z 0Il*Mt*§l. o Z<om&. Zn 
0 : G a 2 0 3 (ifg:^-e^^7 t ca6, Ufa*'*? PfeZmm-TZ Z t-t>*nrffiX$>2> 
o L/;^oT, MgO?-y7FW;Sit^^fti:, ZnO:Ga 2 

X$b -2> o 

[0 0 6 9] 

(Hi&fll 3 ) 

Hi&fli 3 -e t± , nil 2 o TfcPt mm £ «jt l k o v > -c i^i- £ 0 

[0 0 7 0] 

iMoRMLt. MoIWlHii^O. 4/<mtU, jfci&JK* t 

4fl#123tUCu (In, Ga) Se 2 (CIGS) Sl^lfSti 
J&LfCo C I G Sm<nm&lt$j2 fxmt Ltzo >k^, Z<7)C I G Sm&tiUf&L* 
WbC I G SlOlItlZ n^IfLtra?^ C I G SIBI*>fuBKZ n 4- K 
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-7°L/: 0 inCioT, 4^2*^® 2 3 CO Hi:, fj| 2 0-^2*#B 2 3 b t 
Cu (In, Ga) S e 2 : Z ni L/: 0 Z n (OtK^ lif^j 5 0 n mt 

*o/: 0 Cu (In, Ga) Se2i Z n|0±C, Mit^m 2 4 £ LX 

, 1 t [5]#c(7)^v*f Z n x M g y A 1 z O ( x : y : z = 0 . 86:0. 1 

0:0. 0 4) frhtz&WkZfcf&LtZo tztzL, -$mm \ hfiH&S9, Jfxj±l± 
2. 5Pa£U 0 2 lf^t A r t <D : tttmtl± 0 . 0 2CI^L/: o ML 

tzz n x M gy A 1 z om<vmmi±mo. l^m-e^o^o m3frbm<bfrt££ n 

Z<DZ n x M gy A l z O»itt#S»cj£^S5«tn;R-C**o fwft, it^mM 
(f&2tf>««Ji) 2 5i4^IT0I (f$:^0. l^m) fc-X^y *&T^ 
J&L/Co ft&K, M /itmffi2 6 £&&N i C r Wkt A 1 MtOfS^M*. v 

2 <?>±Wimmzm7&Ltzo 

[0 0 7 1 ] 

IS^X/^y tmxz n x Mg y 01il£M;U ^-oo^MiSJt^ffmL^o 

^•■y*&{±, iibmitmtii2imitm^u.mt-hmimL^z n x M gy o ( x : 

y = 0. 9 10. 1 ) (DWiVfoi&lfeit-* 9 - Y v h Uffli^Ttfv^ Zn x Mg y O 
HI (!HJ?0. l^m) ^ML/: 0 en*Pi-^>«*(i, ±^L^H:rLX/^y *£<h 
|WID<!:L^o ^-Oltm, «t14*tt^ Z n x Mg y A 1 z O»? - ^ ^ h ^ 

mm<vm&-T.m<D-m&itti t »imx& 0 

[0 0 7 2] 

nmM3<D±mmmtkmm<D±mmmmmzmw±^yt a oomw/c 
m2(7)7t^) ^fflv^rviu^L^o Jt^j<7)±i^m?i!i(±, mitwm 2 4 zm*x 
nmM3<D±mnttitm£x$>io , m.itwm2 4<Dixt>^^zz nom o?£ : o 

. l^m) ^ffli/^:o ^(OZnOlli, ^•SCiotML^o H 

*&#y 3 <7)±mwmxit, mwcms. v o c = o . 5 8 3 V, M*&«rL^j^ j s c = 
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3 6. 6mA/cm2, «HTFF = 0. 6 8 3, -efgaWftSg 1 4 . 6 %tH# 

htitzo z-tiizML, v£%k<D±v%nm.xitmkmj±v o c = o. 399V, 

tltJSj s c = 3 6. 3mA/cra2 < fttli 1 FF= 0. 4 8 8, xm%$h 
2*7. l%t^o/: 0 Zn x Mg y Al z OI^ffli^lH:J:^ CIGSIt 
OfSSml^^S^.hti&T 1 ^ Z n x Mg y A 1 z OItC I G S : Z ni 

[0 0 7 3] 

^ *u*\ ii a ^7c* t ii b mjtm t in b mjtmmmit^mt £ * 

CIGS : Zntfl^rat*, iSS* l^KAfiE^-fclll* - § & fcafc, 
#M-e<7)WIS^7& ? ^i-^>o ^oT, ^»J^^i-J:^^IIam7n^tIlb^ 

[0 0 7 4] 
[0 0 7 5] 

-f> tz£x.&. p i n|^7€^777S i±l^m?tll<!:p i n^£iJ?i*£ B H H S i± 

mwm. t timm £ n k & v » t , r ;u y r x s i ±mmm t s 
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ii b ^7c* t in b mitm^mt^mt o -cs^^iiis «*-c 

[0 0 7 6] 

[0 1 ] Z n^Mg^IW/r/ KJfcjifcM g^^fi^x t ^P^£^1-0 

[02] *f&WO^:R&«j|b^— 'W«r^'tWflfia"e**o 
[0 3] *f&WOKjt^j*-C^$tLfcZ n x Mg y A l z 0i<0y- h&inl 
&.mv$V>02#X£Ar1fX<7>ffi.mit (02/Ar) tOil^^t^7 7t 

& o 

[04] 9-¥v h MflL^rG a203<7)^;HttffM$n/cZ n x Mg y G 
a z 0 HOSm^iS J: O^fcTOs t^#^t^7 7« 0 

[0 5 ] ^#&^o±i^K?ib<7)>ftfeo— ^ij^^i-aif®0t?*^o 
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